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Abstract 
The Atoyac River is among the two most polluted in Mexico. Water quality in the Upper 
Atoyac River Basin (UARB) has been devastated by industrial and municipal wastewater, 
as well as from effluents from local dwellers, that go through little to no treatment, affecting 
health, production, ecosystems and property value. We did a systematic review and 
mapping of the costs that pollution imposes on different sectors and localities in the UARB, 
and initially found 358 studies, of which 17 were of our particular interest. We focus on 
estimating the cost of pollution through different valuation methods such as averted costs, 
hedonic pricing, and contingent valuation, and for that we only use 10 studies. Costs range 
from less than a million to over $16 million dollars a year, depending on the sector, with 
agriculture, industry and tourism yielding the highest costs. This exercise is the first of its 
kind in the UARB that maps costs for sectors and localities affected, and sheds light on the 
need of additional research to estimate the total cost of pollution throughout the basin. This 
information may help design further research needs in the region. 
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Introduction 
The Upper Atoyac River Basin (UARB), located in the states of Tlaxcala and Puebla in 
Mexico, is among the two most polluted basins in the country (CONAGUA, 2016b; DOF, 
2011; Sandoval et al, 2009; Montero et al 2006). This has been widely documented and the 
main causes that have been identified are industrial and municipal wastewater 
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that often goes untreated directly to the Atoyac River and its 
tributaries, rivers Zahuapan and Alseseca (DOF, 2011; IMTA, 2005). This has 
caused awareness among the more than two million people living in the basin, as it is a 
threat to their safety and livelihoods (CNDH, 2017). 
Pollution, and water pollution, threatens environmental quality and therefore 
ecosystems and human health. This affects productivity, both of 
ecosystems and the economy, and reduces local sources of wellbeing. Deterioration of 
habitats due to pollution impinges on sustainable economic growth and thus 
social development. At the community level, contamination leads to severe health-related 
issues as cancer, leukemia, and kidney problems, among others.  Finally, pollution affects 
property value. 
Additionally, to a deteriorating water quality, water consumption in the basin has 
increased due to domestic, agriculture, and industrial use, leading to a higher pressure for 
water and to overexploitation of aquifers (Pérez et al, 2018, Bravo-Cadena et al. 2021). 
Urban population growth has led to increased demand for water and a higher outlet of 
wastewater (Rodríguez, Morales & Zavala, 2012). Moreover, the sprawl and dissemination 
of rural population has made it increasingly difficult to provide water and sanitation, and the 
scarce water is overused and polluted. This had led to irrigation with highly polluted water 
because the lack of options (Pérez Castresana et al, 2019). 
In the literature there are several types of studies of river basins. Most characterize 
the type of pollutants, their origin, and their effects. A few look at the costs such pollution 
imposes. These are precisely the ones we consider for our analysis. The aim of this paper 
is, therefore, to make a systematic review and mapping of literature related with the value 
of water deterioration in the UARB. We look at the costs in terms of disease as well as losses 
in economic activities and to property itself. We also review some papers on the costs of 
cleanup. This is only a subset of the total values that can be calculated for the region; 
however, it gives a lower bound for the size of the economic losses and costs produced by 
such pollution. In so doing, we highlight the monetary values attached to pollution, so society 
and policymakers can make sense of the magnitude of the impacts of such deterioration. 
A few studies have been found that estimate the monetary value of pollution in 
different parts of the basin, particularly close to rivers. Producing more studies is expensive 
and probably reiterative, so we review these studies to compare values across them. From 
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this analysis we obtain a range of values for the costs imposed by deterioration of the basin, 
and hope these figures are useful for policy making towards a more thorough protection of 
the basin. 
This paper is divided into four sections. Section 1 presents the study area. Section 2 
sets the framework for the analysis, and describes the information found for the basin, the 
methodologies used, and their relation to the environmental valuation literature. Section 
3 presents the setup for the systematic review and the results. Section 4 addresses some 
conclusions and suggests further research.   
1. The study area  
The Upper Atoyac River Basin (UARB) is in Central Mexico, as is shown in the first part of 
Figure 1. It covers 69 municipalities in total, 47 in Tlaxcala and 22 in Puebla, represented in 
the second panel. The most relevant tributaries in the basin, shown in the final panel, are 
the Zahuapan, Atoyac, and Alseseca rivers, that end up in a dam south of Puebla City, in 
Valsequillo.  
 




With about 3 million inhabitants, the Puebla-Tlaxcala Metropolitan Area is the fourth 
largest nationwide in terms of population, and with a high pressure on water resources 
(CONAGUA 2016a; CONAGUA, 2016b; Rodríguez & Morales 2014; DOF, 2010). 
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Additionally, there is a high persistence of water toxicity, affecting its communities (Pérez et 
al, 2018; Martínez et al, 2017). Furthermore, water from this basin reaches the Manuel Ávila 
Camacho dam, which is then used to irrigate the agricultural district of Valsequillo, before it 
follows its course into other states. This represents a risk for food quality in terms of organic 
pollution and heavy metals (Rodríguez-Espinosa et al, 2018). Problems like water scarcity 
and high levels of contamination have been identified in this district. Concentrations vary 
depending on the season, so during dry spells pollution is even worse than during the rainy 
season, affecting predominantly children (Castresana et al, 2019; Martínez et al, 2017; 
CNDH, 2017). 
Regardless a vast number of studies, both locally and nationally, to diagnose the 
situation of water pollution, as well as many government programs to solve it and money 
spent in the process, pollution has not been abated, and remains a very pressing problem. 
Technical solutions exist, but the major concern seems to be water governance. Even 
though regulatory reforms have taken place in Mexico since 2000, reports state there have 
not been significant changes regarding water governance either regionally (Ocampo-
Feletes, Parra-Inzunza & Ruiz-Barbosa, 2018; Casiano, Bressers & Gleason, 2017; Casiano 
& Bressers, 2015; Rodríguez & Beristain, 2014; Sierra, Pale & Serrano, 2005), or at the 
national level. 
2. Framework of analysis 
We now turn to describe the framework of analysis that we use for our study. Then we 
address the existing literature and fit it to such a framework. Using that literature, we develop 
the valuation review in the following section. 
We use the framework of environmental economics to describe the value of the 
environment, and valuation methods to assess the harm impinged on it. Values are difficult 
to quantify because usually there are no markets and therefore no prices attached. 
Therefore, the goal of this research is then to quantify the value being destroyed by pollution. 
The environment has use and non-use values. Use values can be addressed by the 
benefits we derive from its use through direct or indirect consumption or production 
processes. Non-use values are derived from the sheer fact that it exists, because we think 
they may be valuable to other generations, or just because knowing it is there provides joy. 
The value of existence, for example, is a non-use value. Together use and non-use values 
give the total value of an environmental good or service (Bastien-Olvera & Moore, 2020; 
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Lara-Pulido et al., 2018; Knowler, 2005; Field & Field, 2003; Pearce et al, 1999; Hearne, 
1996).  
Use values can be determined directly by asking people how much they are willing 
to pay for a certain environmental good or service. This direct valuation method is known as 
contingent valuation (Mitchell & Carson, 1989). However, often the value of environmental 
goods and services must be determined indirectly, by looking at the expenditure on private 
goods that may be substitutes or complements of environmental goods. Such expenditure 
may work as proxies for the value of environmental goods. Valuation methods have been 
developed to determine these values. When private and environmental goods are 
substitutes, the averted or induced costs method may be used. When they are 
complements, the travel cost method helps infer the value of the environmental good. 
Finally, the value of the environmental component of a private good may be determined 
using the method of hedonic pricing (Popa & Guillermin, 2017; Dixon et al., 2013; Field & 
Field 2003; Azqueta, 2007). On the other hand, non-use values may also be obtained using 
the contingent valuation method described above. Figure 2 presents this framework for the 
study region. Our literature review for the UARB has identified studies estimating mostly use 
values. We have found studies on the effects of water pollution on health, different economic 
sectors, the value of property, and on ecosystems. The figure shows the valuation methods 
used in each case, i.e., induced costs, hedonic pricing, and contingent valuation. 
 





The quality of river basins as the one we want to value here are quite complex in that 
they depend on the integrity of other ecosystems such as forests, the care of the 
environment that large industrial and urban areas offer, and on the protection authorities 
give through regulation and its enforcement. Governance of the basin is crucial, since the 
interaction of parties leads to a certain level of water security, defined by the United Nations 
as “the capacity of a population to safeguard sustainable access to adequate quantities of 
acceptable quality water for sustaining livelihoods, human well-being, and socio-economic 
development, for ensuring protection against water-borne pollution and water-related 
disasters, and for preserving ecosystems in a climate of peace and political stability” (UN 
Water, 2013). Water security, therefore, summarizes the quality of interaction of parties 
within the basin. 
In general, the quality of a river basin is a public good, where there is non-rivalry in 
its consumption and non-excludability. Its degradation, on the other hand, is a public bad, 
also non-rival in consumption and very costly to exclude oneself from its dangers. Precisely 
these two characteristics of public bads are what make pollution of the basin so detrimental 
to the communities living there: pollution may affect all, regardless that others are affected, 
and it is very costly or literally impossible to protect from it (Atkinson & Stiglitz, 2015; Stiglitz 
& Rosengard, 2015).  
Even though these adverse effects have been documented and even used 
for lawsuits against polluters and government officers not taking charge, such lawsuits have 
been based on the effect pollution produces, basically on health (CNHD, 2017). The 
literature on pollution, its sources, concentrations, and effects, is therefore vast (Rodríguez-
Tapia & Morales-Novelo, 2017). 
There are few efforts to quantify, in monetary terms, the effects of such degradation 
on productivity, namely on agriculture, livestock and fisheries, and on tourism, or the induced 
costs for communities that must find other sources of water or whose property value 
collapses (Rodríguez-Tapia et a., 2012).  
On the other hand, these studies cover segments of the basin, usually transects of the 
Atoyac River. There are parts of the basin that have been studied at depth such as Atoyac 
and the Zahuapan sub-basins (de Oca & Fuentes, 2019 and 2017; Rodríguez Tapia, et al., 
2012; Jiménez & Hernández, 2011). Other regions have been largely ignored, as is the case 
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of the Alseseca sub-basin. A thorough and systematic integration of the existing information 
is called for to address the overall costs imposed on the basin by its deterioration, and to 
identify where studies are still needed. 
3. Literature search protocol and results 
The literature review was done using Google Scholar, because this academic research 
engine includes studies published in journals, thesis, and projects reports (“grey literature”), 
making our literature review broader (Haddaway et al., 2015). The keywords used were 
“valoración económica AND río Atoyac” (search date: May 7, 2020), “daños por 
contaminación AND río Atoyac” (search date: May 11, 2020), “economic value AND Atoyac 
River” (search date: May 11, 2020), and “pollution damage AND Atoyac river” (search date: 
May 12, 2020). These words were searched in the titles and the body of the documents. 
There was no constraint imposed based on year of publication. Additionally, manual 
searches were done in the documental repository of the Atoyac River held in the Xabier 
Gorostiaga  Environmental Research Institute at Universidad Iberoamericana Puebla (IIMA, 
due to Spanish acronym), and dissertations published by our research group were also 
reviewed. This repository was built by including resources found along the past five years in 
journals, reports, thesis, and government studies (search date: May 19, 2020). Many 
documents were provided by Dale la Cara al Atoyac, a local NGO. 
 





From the literature review for the UARB, we found 358 studies. We classified the 
topics of studies revised based on the word cloud below. Most of the studies refer to water 
quality, health, pollution, and diagnosis of the region, as well as technology available to clean 
the river, as shown in Figure 3. Valuation, in very small print, is evidently quite low in this 
word cloud diagram. 
Studies selection criteria 
Once the documents were obtained, title and abstracts of the selected papers were revised 
to assure that they followed the requirements so that the proper information could be 
extracted, namely, the economic valuation associated to the pollution in the UARB. The 
inclusion criteria to select these documents were that (1) the studies were carried out in the 
UARB; (2) they contain an economic valuation of the effects of pollution of the UARB; and 
(3) the studies had an original source of data. This allowed us to avoid duplicating the cost 
of pollution in the UARB. 
Search process and studies used 
The economic valuation studies on the effects of pollution of the Atoyac River are scarce. 
Figure 4 shows the flow diagram from the search process according to the PRISMA 
convention for the systematic revision of literature and meta-analysis (Urrútia & Bonfill, 
2010). 
 From the 17 studies identified, a very small set of 6 proved to be useful for the cost 
analysis. Their data was collected in 2005, 2007, and 2009 mainly, as shown in Table 1. We 
selected studies 1 through 6 because they are the primary source of cost of pollution 
calculations. Studies 5 through 10 are used to identify location. Studies 5 and 6 have both 










Table 1 lists in detail the studies used for the rest of the paper. Some report use values and 
others non-use value, following the methods described in Figure 2. 
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 Source: Own. 
 
Location  
We first map the location of studies that contain geographic coordinates. Studies are marked 
as colored circles, depending on the sector, and located throughout the region. Several 
studies were simultaneously done in several sites, therefore there are more locations on the 
map than the number of studies revised. We map studies 5, 8, and 9 that evaluate the cost 
of pollution on health and sanitation; 7, 8, 9, and 10 that show the cost on economic 
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activities; 9 on property values; and 3, 6, and 7 of changes in environmental quality. As can 
be seen in Figure 5, most studies do not cover areas with a high population density. Those 
on areas with a low population density are of the primary sector and environmental quality. 
Studies also follow the distribution of industry, particularly textile, chemical and automotive 
that are the most polluting.  
 
Figure 5. Areas covered in studies, population density, and industrial location   
 




We report two sets of costs separately. First, we look at the induced costs, i.e., costs 
imposed on the sectors because of the extra costs they must withstand to operate, due to a 
reduction of their production, or to lower prices of the goods they sell. Health has the highest 
reported value of $10.1 million USD/year, while other health studies report a value ranging 
from 10 thousand to $10 million dollars a year. Other high costs accrue to industry, that 
reports a point value of roughly $9.3 million, derived from the cleanup costs of their 
wastewater. Agriculture and tourism face costs ranging from $2 to $16.1 million dollars per 
year. Biodiversity faces a cost of approximately $1.9 million USD per year. Finally, livestock, 
fisheries and sanitation (cleanup of the river) face the lowest costs. These numbers, it is 
important to point out, are reported on a yearly basis for a concrete location and sector, and 
do not represent the full cost for the sector in the basin and or for a larger period. 
 
Figure 6. Range of induced costs reported by sectors (in constant 2020 US dollars) 
 
Source: Own, based on deflated costs presented in Appendix 2. 
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Costs vary significantly across economic sectors, and often within the sector.  For example, 
within the primary sector, livestock and fisheries show a lower cost from pollution compared 
with agriculture. These results could be a response of the different magnitude of each activity 
in the basin and the relative magnitude of water use. Crop production is the primary activity 
that uses most of the surface water available in the UARB basin (Bravo-Cadena et al. 2021, 
CONAGUA 2018, CONABIO 2011). Therefore, we could infer that the cost to this activity 
may be greater than for other sectors.  
On the other hand, surprisingly, the costs of pollution to human health, except for the outlier, 
is lower than costs to other sectors such as industry, tourism, and agriculture. These reduced 
costs could be due to three possible factors: 1) the low number of studies done where water 
pollution is highest (north of the basin); 2) studies include a small number of communities 
with a low population; and 3) the effects of water pollution are not immediate and are 
cumulative. 
We finally turn to discuss the costs of pollution on environmental quality. These costs are 
usually estimated through contingent valuation studies and show the individuals´ willingness 
to pay to increase environmental quality. They are not aggregated for a community or for a 
comparable time span, so they are not directly comparable to those in Figure 6. These 
numbers obtained from contingent valuation studies, namely studies 4, 6, 7 and 9 listed in 
Table 1, are reported in Table 2. All studies give similar values, on average willingness to 
pay is $13.50 USD/person bimonthly. 
 
4. Final comments and further research 
Many studies have been developed for the UARB. This has led to the general thought that 
it has been over diagnosed and that now it is time to act. In some fields this may be true, but 
not necessarily in the economic valuation front. Even though several studies estimate the 
costs pollution imposes on the different sectors, this has not been done systematically or 
thoroughly. 
This analysis has shed light on what is available, i.e., studies for selected sectors, but for 
specific locations, and for one-year periods. In the case of agriculture and tourism, for 
example, the costs for these two sectors are on a per case basis and are not aggregated 
across the region. Expanding the studies to cover the entire basin and multi-decade period 
should be fairly simple to do in upcoming studies. 
The costs to the industrial sector are only found in one study and they refer to the cost of 
installing equipment to clean up their own wastewater. Plenty of more studies can be made 
for the main industrial sectors of the region, reporting the cleanup costs for the textile, 
automotive, and the most prominent polluters. 
Economic valuation of health costs is particularly important since these must focus on 
chronic illnesses rather than on diarrhea. This will certainly increase the value of such costs 
to those of the higher bound outlier than to the lower costs where most studies are reported. 
Eventually, when building a thorough cost-benefit analysis of reducing pollution in the basin, 
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the benefits of such actions could be taken from the present value of the foregone health 
costs, if they cover all chronic illnesses within the basin. 
The costs to biodiversity and environmental quality have been estimated through two 
different routes, namely induced costs and contingent valuation respectively. The way these 
costs are reported are not comparable since the former is an aggregate cost and the latter 
is individual and for a shorter period. Further studies to determine the cost of pollution to the 
environment, be it biodiversity or ecosystems, must be designed carefully to produce 
adequate results that can then be added to the costs of other sectors and therefore obtain 
the present value of pollution to the basin. This may be achieved by using the current 
framework of the value of ecosystems services or nature contributions to people (Díaz et al. 
2018). 
Finally, and this holds for most of the literature reviewed, studies only cover one year. Efforts 
need to be made to estimates the costs of pollution over a longer time span, making sure to 
capture the cumulative effects of pollution. 
The type of results needed, rather than only used to characterize the damage of pollution in 
a precise location and sector in the short-run, should focus on providing the building blocks 
to carry out a full benefit-cost analysis that could lead discussion and foster policies to 
protect the basin. Economic valuation of the environment may highlight the benefits of 
reducing the externalities of environmental degradation. 
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